Twin studies, especially those involving monozygotic twins, are one of the oldest and most powerful methods for separating heritable from non-heritable traits. Recently, monozygotic twin studies have been used to study the frequencies of major immune cell populations.
Twin studies, especially those involving monozygotic twins, are one of the oldest and most powerful methods for separating heritable from non-heritable traits. Recently, monozygotic twin studies have been used to study the frequencies of major immune cell populations. 1, 2 However, even monozygotic twins can diverge somatically, genetically, epigenetically and environmentally. Here we describe monozygotic twins with GATA2 deficiency [3] [4] [5] who both had nearly complete absence of NK cells and B-cells, monocytopenia (20 K/μL) and CD3 counts o 300/μL prior to transplant, who underwent allogeneic hematopoietic stem cell transplant (HSCT) from the same haploidentical 8/10 HLAmatched sibling donor using the identical conditioning regimen and identical GvHD prophylaxis. The first twin developed acute grade II GvHD (skin and gastrointestinal involvement) requiring systemic corticosteroids for 6 months, oral budesonide for 2 months and tacrolimus for 1 and 1.5 years post transplant. In contrast, the second twin developed only grade I aGvHD (stage 1 skin), never required systemic steroids, and stopped tacrolimus 6 months following HSCT. This difference in GvHD highlights the complex role of host genetic and other factors in determining the incidence and severity of GvHD.
Twin 1: A 27-year-old female monozygotic twin with a heterozygous (c.988 C4T, p.R330X) mutation in GATA2 in the blood and skin fibroblasts presented for allogeneic HSCT. The GATA2 mutation was not present in either parent or an older sister, consistent with a de novo germline mutation. Her pretransplant clinical course, HSCT regimen, and post-transplant course are described (Table 1) . Her day 28 donor chimerisms were all 100% including myeloid, CD3 and natural killer (NK) subsets. On day +28, she developed a skin rash comprising 25-50% of her body surface area, nausea, vomiting and diarrhea. She underwent upper and lower gastrointestinal endoscopy for evaluation of GvHD. Biopsies from the upper GI tract were unremarkable; however, lower GI tract biopsies from the rectum were consistent with acute GvHD, which in conjunction with the clinical manifestations was considered grade II. Although the maximum aGvHD grade was limited to grade II, in addition to tacrolimus she required both systemic and topical steroids to control her skin and GI symptoms (oral budesonide). Steroids were required for 6 months and tacrolimus for 18 months post transplant. Bone marrow studies on day +100 demonstrated 96% donor chimerism with complete eradication of the trisomy eight cytogenetic abnormality present prior to transplant. Day 100 immune reconstitution studies (performed while on prednisone 20 mg daily and tacrolimus) demonstrated CD3 + cells of 285/μL, NK cells of 139/μL, CD19 + cells of 21/μL and resolution of monocytopenia to a count of 440 K/μL.
Twin 2: The 27-year-old female monozygotic twin sister of twin 1 had the identical (c.988 C4T (p.R330X) mutation in GATA2 and presented for allogeneic HSCT 6 months after her sister (Table 1) . She underwent a haploidentical-related donor bone marrow HSCT from the same GATA2 wild-type 29-year-old sister. Conditioning and GvHD prophylaxis were identical to those used in her twin. Heritable conditions in monozygotic twins provide the opportunity to study the interplay between genetic and environmental factors that determine both the disease manifestations and outcomes of therapy. This is the first report of haploidentical transplantation of twins using the same conditioning regimen and the same donor. Although cryptic and minor histocompatibility antigens may contribute to different outcomes in transplant, 6 presumably these factors were identical in this set of monozygotic twins, allowing for an isolated study of the impact of non-heritable factors. Previous case reports of monozygotic twins using the same allogeneic source are variable and provide limited information regarding the heterogeneity of transplant outcomes, [7] [8] [9] and other studies of second transplants using the same donor and similar conditioning regimens provide some data regarding disparate GvHD, with potential confounders of change in conditioning regimen, donor source (marrow vs peripheral blood) or GvHD prophylaxis. [10] [11] [12] Our twins experienced disparate GvHD, despite using the same donor, similar cell product parameters, the same conditioning regimen and the same GvHD prophylaxis. Despite these commonalities, we observed different strengths of alloresponsiveness from the same haploidentical graft.
Brodin et al. 13 recently examined the variation in the human immune system using both mono-and dizygotic twins. They studied 95 different immune cell subsets and demonstrated that heritable factors strongly influenced naive, CD27 + and central memory T cells. However, heritable factors were undetectable in 61% of all cell populations, including adaptive T and B cells and innate cell types (monocytes, neutrophils and NK cells). Their findings demonstrated that the immune system varied between monozygotic twins presumably as a consequence of non-heritable factors and with limited influence of heritable ones. Some parameters became more variable with age, suggesting the cumulative influence of environmental exposure. These findings were especially notable in monozygotic twins discordant for CMV infection, confirming that the immune system in healthy individuals is largely reactive and adaptive. Given the apparent role of non-heritable factors, they speculated that the many different microbes that an individual may have encountered over their lifetime may play an even more significant role in shaping the immune system of healthy individuals, particularly as it relates to adaptive immunity. and post-transplant GvHD outcomes. The first twin had a significant history of Salmonella gastroenteritis causing significant clinical disease years prior to transplant. She also had Clostridium difficile infection in the stool 2 months prior to transplant. She remained on oral vancomycin for prophylaxis during the transplant, although she was PCR negative at the time of transplant. She had also received 2 weeks of amoxicillinclavulanate prior to transplant for a recent pneumonia. Post transplant, she developed grade II GvHD requiring 6 months of systemic corticosteroids, as well as oral budesonide for 3 months post-HSCT and continuation of tacrolimus for 1.5 years post-HSCT. The second twin had no antecedent history of gastrointestinal infection. She developed only grade I skin involvement, which did not require systemic steroids; tacrolimus was stopped 6 months post HSCT without complications. Of unclear importance is that during neutropenia, twin 1 received ceftazidime while twin 2 received ceftazidime plus daptomycin (added for a transient PICC line infection with Staphylococcus hominis was identified in twin 2 on day +1, which led to removal of the line and no further positive cultures). These regimens are of low intensity with regard to an effect on the fecal microbiota, which has a major influence on the incidence of gastrointestinal GvHD. 15 Additionally, neither twin had significant infectious complications during the transplant course. Abbreviations: EBV = Epstein-Barr virus; HPV = human papilloma virus; HSCT = hematopoietic stem cell transplantation; MDS = myelodysplastic syndrome; MMF = Mycophenolate mofetil. *Identical conditioning regimen with exception that the targeted AUC for busulfan for twin 2 was 4700 (vs 4800 for twin 1).
Letter to the Editor
The study of monozygotic twins has a long history in the endeavor to separate heritable from non-heritable traits. With growing recognition of familial genetic diseases in which HSCT is the primary therapeutic option, it is likely that the use of a single family donor for more than one sibling will become more common. Accordingly, our report demonstrates that variability in outcomes may be expected, and that these outcomes may depend on prior infectious exposures.
